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Context: The widespread use of T therapy, particularly in aging males, necessitates knowledge of
the relationship between T and the cardiovascular system.
Evidence Acquisition: The review is based on a 1970 to 2013 PubMed search with terms related to
androgens in combination with cardiovascular disease, including T, dihydrotestosterone, trial,
mortality, cardiovascular disease,myocardial infarction, blood pressure, endothelial function, dys-
lipidemia, thrombosis, ventricular function, and arrhythmia. Original articles, systematic reviews
and meta-analyses, and relevant citations were screened.
Evidence Synthesis: Low T has been linked to increased blood pressure, dyslipidemia, atheroscle-
rosis, arrhythmia, thrombosis, endothelial dysfunction, as well as to impaired left ventricular func-
tion. On the one hand, amodest association is suggested between low endogenous T and incident
cardiovascular disease or cardiovascular mortality, implying unrecognized beneficial T effects,
residual confounding, or a relationship with health status. On the other hand, treatments with T
to restore “normal concentrations” have so far not been proven to be beneficial with respect to
cardiovascular disease; neither have they definitely shown specific adverse cardiovascular effects.
The cardiovascular risk-benefit profile of T therapy remains largely evasive in view of a lack of
well-designed and adequately powered randomized clinical trials.
Conclusions: The important knowledge gap as to the exact relationship between T and cardio-
vascular diseasewould support a cautious, restrainedapproach toT therapy in agingmen, pending
clarification of benefits and risks by adequately powered clinical trials of sufficient duration. (J Clin
Endocrinol Metab 98: 4300–4310, 2013)
Observational studies of associations between endog-enous androgens and cardiovascular disease (CVD)
are most often of cross-sectional design not allowing in-
ference on causal relationships, whereas interpretation of
available prospective cohort studies is hampered by insuf-
ficient possibilities to exclude residual confounding of risk
for cardiovascular events. Clearly, use of T therapy that is
beneficial, or at least safe, should be based both on a thor-
ough understanding of the relationship between endoge-
nous androgens and CVD in conditions of health and dis-
ease and on findings of controlled trials with relevant
endpoints, with appropriate design, and of sufficient du-
ration.Unfortunately, experimental evidence forpotential
beneficial or adverse effects of T on the cardiovascular
system is rather limited. First of all, there are no published
reports on randomized clinical trialswith the primary goal
to evaluate T effects on incident cardiovascular events.
Furthermore, many of the T trials were conducted in dis-
eased men, such as men with alcoholic cirrhosis (1),
chronic renal disease on dialysis (2), rheumatoid arthritis
(3), cognitive decline (4), malnutrition (5), frailty (6, 7),
coronary artery disease (8), heart failure (9), metabolic
syndrome or type 2 diabetes (10, 11), thereby limiting
interpretation and generalization of results. A small num-
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ber of T trials have been performed in men who suffered
solely from hypogonadism (12–16). However, in almost
every study in diseased and/or hypogonadal men, charac-
terization of the baseline cardiovascular risk profile and
methodology to establish the incidence of cardiovascular
events were generally poor.
The present narrative review aims to summarize pres-
ent knowledge and to identify ways to increase the insight
into potential beneficial and adverse effects of T on the
cardiovascular system in men.
Physiological Action of T on the
Cardiovascular System
The Leydig cells in the testes produce most of T in the
circulation, with minor contribution from precursor an-
drogens secreted by the adrenal cortices. Most T in the
circulation (97–99%) is bound to plasma proteins, ie,
tightlybound toSHBGandwith lower affinity toalbumin.
Free T and at least part of the hormone loosely bound to
albumin, together referred to as bioavailable T, are
thought to freely diffuse into target cells and bind to the
androgen receptor (AR) either directly or after 5-reduc-
tion to dihydrotestosterone (17). SHBG-bound Tmay en-
ter the cell by endocytosis (18). The contribution of free vs
total T to final androgen effects is controversial.However,
in a recent meta-analysis, the magnitude of effect size of
free vs total T and CVD endpoints was robustly similar
(19). Androgens display predominantly genomic effects,
but there is also evidence for nongenomic effects, which
contribute to considerable variation in duration of andro-
gen actions (20).
Genomic effects involve binding of T or dihydrotestos-
terone to the AR andmigration of the androgen-AR com-
plex to the cell nucleus, where it induces transcription of
specific segments ofDNA.ARsareubiquitously expressed
in nearly all mammalian tissues, including cells from the
cardiovascular system, like vascular smooth muscle and
endothelial cells, myocardial fibers, macrophages, and
platelets. The general mechanism of action and clinical
implications of alterations in expression and degradation
of the AR have been extensively reviewed by Lee and
Chang (21). In addition to ligand binding, transcriptional
activity of theAR is affected by coregulators that influence
a number of functional properties of the AR, including
ligand selectivity and DNA binding capacity, reviewed by
Heinlein and Chang (22).
Furthermore, a functional polyglutamine tract poly-
morphism in the AR, encoded by a CAG triplet repeat in
exon 1 of the AR gene, can influence the strength of the
transcriptional response with a longer tract associated
with lower AR activity (23). Interestingly, one study re-
ported that a low number of CAG repeats is associated
with lower levels of high-density lipoprotein cholesterol
and reduced endothelial response to ischemia, both
known risk factors for coronary heart disease (CHD) (24).
The nongenomic effects of androgens are rapid as com-
pared to the genomic effects and include the activation of
kinase-signaling cascades and modulation of intracellular
calcium levels, as reviewed extensively by Heinlein and
Chang (25).
Finally and importantly, T is a prohormone because it
is converted by the enzyme 5-reductase to dihydrotes-
tosterone, and T also exerts indirect effects through acti-
vation of estrogen receptors, after aromatization into es-
tradiol by the aromatase (P450a) enzyme. Although both
T and estradiol impact on the cardiovascular system (26,
27), the degree of conversion of T into estradiol might be
important with respect to the balance between beneficial
and adverse effects, as will be further discussed. The re-
lationship between circulating androgens and clinical ef-
fects is further complicated by the potential for occurrence
of 5-reduction and/or aromatization locally in cardio-
vascular target tissues.
Androgens and Cardiovascular Risk
Factors
Blood pressure
Epidemiological findings show that endogenous T and
blood pressure are inversely correlated. Low T might be
predictive of hypertension in aging males, but it is not
established whether hypertension is the cause or conse-
quence of low T (28). However, T treatment had no effect
on blood pressure in hypogonadal males with type 2 di-
abetes or the metabolic syndrome (10) and resulted in a
borderline significant increase in hypogonadal and older
men (15). Dihydrotestosterone slightly decreased systolic
blood pressure (borderline significantly) in healthy men
(29). Studies in ratmodels provide a potential explanation
for this complexity by showing that genetic background
might determine prohypertensive effects of T. One study
found that smooth muscle cells derived from rats with a
genetic predisposition to arterial hypertension showed an
increased responsiveness to T (30, 31). Another study
showed that T supplements significantly increased mean
arterial pressure in obese, but not in lean,Zucker rats (32),
despite increased proteinuria and accelerated renal injury
in the latter (32). The authors therefore suggested careful
monitoring of blood pressure and renal integrity after
treatment of obese men with chronic T supplements (32).
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Endothelial progenitor cells and endothelial
function
Cardiovascular health is dependent on angiogenesis,
which might be stimulated by androgens in a sex-specific
manner (33), and on proper endothelial healing after in-
jury. The latter process is regulated by endothelial pro-
genitor cells derived from bone-marrow cells (34). Some
studies reported the endothelial progenitor cell number to
be lower in hypogonadalmen as compared to healthy con-
trol subjects (35), and that T and dihydrotestosterone
could stimulate endothelial progenitor cells via the AR
(36, 37). However, others found no direct effects of an-
drogens on endothelial progenitor cell biology either in
vitro or in vivo (38).
Reduction of endothelium-dependent, flow-mediated
vasodilatation has been suggested to be an important pre-
dictor of atherosclerosis (39). Although some authors re-
ported an adverse effect on flow-mediated vasodilatation
by T therapy in hypogonadal men (40, 41), others sug-
gested the opposite. Long-term oral supplemental admin-
istration of T was reported to improve brachial arterial
vasoreactivity in men with coronary artery disease (42).
Furthermore, a study on intracoronary T infusion showed
coronary vasodilatation and increased coronary blood
flow inmenwith low plasma T and CHD (43). Finally, an
8-week treatment with oral T undecanoate in men with
CHDresulted indecreasedbasal arterial stiffness, possibly
by a modest positive effect on myocardial perfusion (44).
Possibly, discrepancies between studies might be ex-
plained by differences in the dose of T supplied,whichwas
supraphysiological in the study on coronary vasodilata-
tion (43).
Dyslipidemia
Obesity-associated alterations in circulating androgens
and lipids are mutually involved in the pathogenesis of
associatedmetabolic complications.Depending on the de-
gree of aromatization, androgens directly and indirectly
affect adipose tissue adaptation to the continuing expo-
sure to energy excess (45–47). The specific relationship
between sex steroids and lipid and lipoproteinmetabolism
has been extensively reviewed by Wang et al. (48). Inter-
vention studies in hypogonadal men with type 2 diabetes
and in elderlymales show that exogenousT therapyhasno
effect on lipids (7, 10, 16) or is associated with a decrease
in high-density lipoprotein cholesterol (15, 49). A recent
metabolic study on lipid oxidation and very low-density
lipoprotein-triglyceride production suggests that T is not
a major determinant of resting very low-density lipopro-
tein-triglyceride kinetics in men (50).
Thrombosis
Abuse of anabolic-androgenic steroids by athletes has
been associated with the development of myocardial in-
farction and stroke (51). T therapy may increase hemo-
globin and hematocrit (49) and may regulate the expres-
sionofplatelet thromboxaneA2receptors inhumans (52).
This may contribute to thrombogenicity. Furthermore, it
was found that the risk for stroke might be ascribed not
only to low T (53) but also to increased estradiol concen-
trations (54), especially in elderly males, who have higher
rates of aromatization (55). A recent study reported a link
between thrombotic events, like osteonecrosis of the hips,
pulmonary embolism, and amaurosis fugax, and exoge-
nous T therapy (56). The authors linked the events to
positivity for factor V Leiden mutation and other familial
and acquired thrombophilias. The report suggested that
the events were likely caused by aromatization of exoge-
nous T, an estradiol-induced thrombophilia, superim-
posed on familial thrombophilia (56, 57). Consequently,
the degree of aromatization might be a factor to take into
consideration if T treatment is considered.
Left ventricular function and myocardial infarction
In a cross-sectional observational population study of
1223 healthy middle-aged men, T appeared to associate
inversely and estradiol positively with left ventricle sys-
tolic function (58). Also, rodent studies suggest opposite
effects of T and estradiol on the heart, especially after
ischemia (59–61).Mechanistically, it hasbeen shown that
both endogenous and exogenousT decrease the activity of
the cardioprotective signal transducer and activator of
transcription (STAT3)/suppressor of cytokine signaling
(SOCS3) pathway in themyocardiumafter acute ischemia
and reperfusion (62). Importantly, this decrease in myo-
cardial STAT3 activation and SOCS3 expression is asso-
ciated with a worse outcome (62). Accordingly, the tran-
sient decrease inT, observedaftermyocardial infarction in
male patients (63), may therefore be considered as adap-
tive and limit damage to the postischemic myocardial
function. Taken together, these findings suggest that
changes in the degree of aromatization might be of signif-
icance for cardiac function and outcome after a myocar-
dial infarction.
B-type natriuretic peptide
B-type natriuretic peptide is secreted by the brain and
the heart atria and is stored mainly in cardiac ventricular
myocardium. It can cause natriuresis, diuresis, and vaso-
dilation, and it inhibits secretion of renin and aldosterone.
It has favorable effects on the heart function.
Although T was inversely associated with circulating
levels of B-type natriuretic peptide and the N-terminal
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fragment of pro-B-type natriuretic peptide (64), evalu-
ation of the Framingham cohort suggested that T was
not the primary mediator of circulating levels of these
factors (65).
Arrhythmia
Both the long QT and the short QT syndrome are as-
sociated with atrial fibrillation and sudden cardiac death
(66). Experimentalmodels show that androgens canmod-
ulate a variety of ionic currents, with the net result that
repolarization is shortened, as reviewed by James et al
(67). Cross-sectional observational studies suggest that T
levels may explain differences in QT-interval duration be-
tween men and women and could contribute to popula-
tion variability in QT-interval duration among men (68).
T therapy resulted in a direct effect of T to shorten QT
intervals in older men. However, the observed mean de-
creases were small and, according to the authors, unlikely
to affect risks of arrhythmic events in patients receiving
QT-prolongingmedications (69).Yet, a significant impact
on the interval has been shown in androgen-abusing body
builders (70). The question that remains to be addressed is
how these findings fit into the complex genetic and envi-
ronmental etiology of repolarization disturbances (71).
Androgens and Cardiovascular Events:
Evidence From Prospective Observational
Studies
A major limitation of cross-sectional studies is that they
are essentially hypothesis-generating in nature, whereas
prospective studies could provide information on causal-
ity. As detailed in Table 1, a total of 19 studies have ad-
dressed the prospective relationship between endogenous
T concentrations and cardiovascular events.
Atherosclerosis in observational studies
Six of the 19 studies evaluated the relationship between
endogenous T and progression in atherosclerosis, as as-
sessed by peripheral arterial disease (72), atherosclerosis
of the abdominal aorta (73), progression of carotid ath-
erosclerosis (74), progression of intima media thickness
(75), arterial stiffness (76), and carotid artery intima me-
dia thickness (77). These studies reported either no asso-
ciation or a weak association between low T and progres-
sionofatherosclerosis.Accordingly, ameta-analysis of the
data obtained for nearly 900menwith progression of ath-
erosclerosis could not establish a statistically significant
risk difference by endogenous T levels (1 SD) for athero-
sclerosis (19).
Incident cardiovascular events in observational
studies
Twometa-analysesbasedon the findingsofprospective
studies on T and incident CVD (19) and mortality (78)
identified an inverse association between T and incident
CVD and mortality in elderly males. The conclusions of
the meta-analyses and the earlier prospective studies (79–
86) were supported by more recent prospective studies
(87–90). Studies directed at the association betweenT and
incident myocardial infarction did not reveal a relation-
ship (79–81). Results from studies evaluating incident
Table 1. Summary of Prospective Observational Studies on Endogenous T and Incident CVD in Healthy Men
First Author,
Year (Ref.)
Age at
Baseline, y
Duration,
y
No. of Events/
Progression
of Disease Outcome Abstract Conclusions of Authors
Price, 1997 (72) 55–74 5 40 AS No support for sex hormones in the development of peripheral arterial disease
Hak, 2002 (73) 55 7 28 AS An independent inverse association between T and aortic atherosclerosis
Muller, 2004 (74) 77.2 4 195 AS Low free T was related to IMT of the common carotid artery
Eller, 2005 (75) 50 4 95 AS T was borderline significantly associated (negatively) with progression in IMT
Hougaku, 2006 (76) 68 11.8 206 AS Adverse influence of low T on the CV system in men may be mediated in part via effects of
T on vascular structure and function
Tivesten, 2006 (77) 58 3 313 AS No association between total or free T and change in IMT
Cauley, 1987 (79) 46 6–8 163 MI No relationship between sex hormones and risk of a heart attack
Philips, 1988 (80) 52–74 7 96 MI No association between sex hormones and MI
Vikan, 2009 (81) 59.6 11.2 144 MI No significant changes in risk for first-ever MI across different total or free T levels
Yeap, 2009 (53) 78.4 3.5 119 S Lower total T predicts increased incidence of S or transient ischemic attack
Yarnell, 1993 (82) 45–59 5 153 IHD No support for T as primary risk factor for IHD
Araujo, 2007 (83) 40 to 70 15.3 101 IHD Little support for the hypothesis that endogenous sex steroid levels are associated with risk of
premature death but further investigation of the relationship between sex
steroids and mortality from ischemic heart disease may be warranted
Hautanen, 1994 (84) 48 5 62 CVD T no coronary risk factor
Arnlöv, 2006 (85) 56 10 386 CVD Serum T was not statistically significantly associated with incident CVD
Khaw, 2007 (86) 40 to 79 7 293 CVD T inversely related to mortality due to CVD
Akishita, 2010 (87) 48 6 20 CVD Low T is associated with CV events
Ohlsson, 2011 (88) 69–81 5 485 CV events High T predicted a reduced risk of CV events
Menke, 2010 (89) 40 9 42 CM Low T has a higher risk of CV mortality
Hyde, 2012 (90) 70–88 5.1 207 CM Low T predicts mortality from CVD
AS, atherosclerosis measurement; IHD, ischemic heart disease; CM, cardiovascular mortality; CV, cardiovascular; MI, myocardial infarction; S,
stroke or transient ischemic attack; IMT, intima media-thickness.
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CVD, ischemic heart disease, or cardiovascular death re-
vealed more heterogeneous results (82–90). Nevertheless,
all prospective studies taken together, which report on
more than 2500 events, including incident CVD, ischemic
heart disease, myocardial infarction, stroke, and cardio-
vascular death, are suggestive of a modest association be-
tween low endogenous T and incident cardiovascular
events (Table 1).
Androgens and Cardiovascular Events:
Evidence From Studies With T Treatment
Arecentmeta-analysis on exogenousTon cardiovascular-
related events displayed a difference according to the
source of funding, with an increase in risk in studies that
were not funded by the pharmaceutical industry (91).
However, randomized clinical trialswith the primary end-
point to establish beneficial and adverse effects of T treat-
ment vs placebo on incident cardiovascular events have
not been published so far. Randomized clinical trials con-
ducted in patients with hypogonadism reported small im-
provements in sexual function, bone mineral density, and
muscle strength (7, 9), whereas randomized clinical trials
conducted in males with other underlying disorders (see
introductory section), using a variety of dosages and treat-
ment modalities, reported inconsistent results. Part of the
difference in adverse eventsmight alreadybe explainedby,
eg, treatment modalities (92). These trials varied further
with respect to duration from a few weeks to a maximum
of 36 months, and handling of the cardiovascular risk
profile at baseline and events at follow-up was generally
limited.
To gain robust insight, we selected randomized, dou-
ble-blind, placebo-controlled T trials that included more
than100participants (1, 6, 7, 10–16) (Table 2). Fiveof the
10 identified trials reported T effects on lipids (7, 10, 13,
15, 16), and four trials reported blood pressure results (6,
10, 12, 15). Overall, no statistically significant difference
between placebo and T treatment could be established, as
shownby an estimated relative risk (RR) (95%confidence
interval [CI]) of 1.64 (0.77–3.47) (all studies, Table 2,
random-effectsmodel),most likely due to a lownumberof
events in all studies together (n  69). The reported car-
diovascular events in the T-treated participants included
(in order of frequency) arrhythmia, hypertension, myo-
cardial infarction, peripheral edema, coronary artery by-
Table 2. Summary of T Trials, Including More Than 100 Participants, and Reporting Cardiovascular Adverse Events
Author,
Year (Ref.)
Age,
y
Health Status/Low T
(Y/N)
Duration,
mo T Dose
Randomization
No., Placebo
vs T Lipids/BP After T No. of Placebo vs T, CVD Events
Copenhagen
Study Group,
1986 (1)
24–79 Alcoholic cirrhosis/N 28 Oral 600 mg/d 87:134 0:3, thrombosis
Snyder, 2001
(16)
65 Y 36 Transdermal patch 6 mg/d 54:54 Lipids7 1:2, myocardial infarction; 2:2, CABG;
1:3, arrhythmia; 1:2, vascular events
Emmelot-Vonk,
2008 (15)
60–80 Y 6 Oral TU 160 mg/d 110:113 2 HDL;1BP (P  .08) 3:7, cardiovascular complaints
Legros, 2009
(14)
50 Y 12 Oral TU 80, 160,
240 mg/d
79:237 0:2, arrhythmia, cardiac arrest
Srinivas-Shankar,
2010 (7)
 65 Frailty/Y 6 Transdermal gel 50 mg/d 132:130 Lipids7 1:0, myocardial infarction; 1:1, abdominal
aneurysm; 0:2, pulmonary embolism,
heart failure
Basaria, 2010 (6) 65 Limitations in mobility/Y 6 Transdermal gel 100 mg/d 103:106 1:2, syncope; 2:4, arrhythmia; 1:3,
hypertension; 1:0, carotid-artery
plaque; 0:5, coronary syndrome, chest
pain, ischemia; 0:4, myocardial
infarction, CABG, death due to
myocardial infarction; 0:5, peripheral
edema; 0:1, stroke; 0:1, heart failure
Kalinchenko,
2010 (11)
35–70 Metabolic syndrome/Y 7.5 Parenteral TU 1000 mg im
at baseline, 6 and
18 wk
71:113 Lipids7 2:0, angina, myocardial infarctiona
Jones, 2011 (10) 40 Type 2 diabetes or
metabolic
syndrome/Y
12 Transdermal gel 60 mg/d 112:108 Lipids7; BP7 12:5b
Ho, 2011 (13) 40 Symptoms of T
deficiency/Y
12 Parenteral TU 1000 mg im
at baseline, 6, 18, 30,
and 48 wk
60:60 1:1, died due to myocardial infarction;
1:1, chest pain
Kaufman, 2011
(12)
18–80 Y 6 Transdermal 1.62% gel
2.5 mg/d
40:234 0:11, vascular disorders
Abbreviations: TU, T undecanoate; HDL, high-density lipoprotein; BP, blood pressure; Y, yes; N, no.
a According to report on discontinuation of intervention (Ref. 11, p 606).
b According to safety report (phases 1 and 2) (Ref. 10, p 835).
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pass graft (CABG), thrombosis, cardiovascular com-
plaints, heart failure, chest pain, vascular events, syncope,
stroke, pulmonary embolism, and abdominal aneurysm
(Table 2). The most remarkable study was performed in
209 men 65 years of age or older who had limitations in
mobility and low serum levels of total or free T (7). The
trial was stopped before enrollment had been completed
because of an incidence of adverse cardiovascular events
that was higher in the T group than in the placebo group.
Authors have argued that the generalizability of the data
ofthisstudyaboutthesafetyofTtherapyis limitedbythefact
that cardiovascular eventswere not a preplannedprimaryor
secondaryoutcome,andtherefore,astructuredevaluationof
cardiovascular events was not performed, a factor that may
have influenced the ascertainment of events. Two studies
evaluating specifically the effect of T on atherosclerosis and
arterial stiffness are presently ongoing or recently completed
(ClinicalTrials.gov, NCT00287586 and NCT00355537,
respectively).
Androgens and Cardiovascular
Subpopulations
Chronic heart failure
Chronic heart failure inmen is associatedwith anabolic
hormone depletion, and deficiency of circulating total and
free T, dehydroepiandrosterone sulfate, and IGF-I has
been suggested to be an independentmarker of poor prog-
nosis (93, 94). Trials with T therapy have been conducted
in these patients with chronic heart failure, and a meta-
analysis of 4 such trials indicates a treatment effect on
improved functional capacity (95). An effect of T therapy
onmortality has not been established, but a study onmor-
tality (ClinicalTrials.gov,NCT01377103) is ongoing.An-
other study showed that physiological T replacement re-
duced QT dispersion in a heart failure cohort (96); T
therapyhadno effect on the rhythm in a cohortwith stable
coronary disease (96).
Coronary artery disease
Patients with stable angina have been shown to display
reduced exercise-induced myocardial ischemia after low-
dose supplemental T treatment (8, 97). These findings are
supported by associations of altered androgen status with
ST segment changes (98).
Obstacles and Limitations of
Observational Studies
Assay, time of blood sampling, and the use of
free, bioavailable, and total T
A source of variability in the interpretation of large
epidemiological studies might be the quality of T assay as
well as the time of blood sample collection. T secretion
displays a diurnal variation with highest serum concen-
trations early in the morning in younger men. Blood sam-
ple collection time was identified as a source of heteroge-
neity (P .03) in a reviewonT andmortality (78). Studies
that usedmorning samples (yes vs no) had an estimate RR
(95%CI) of 1.15 (0.94–1.41), and studies that did not use
morning samples had an increased estimate RR (95%CI)
of 1.61 (1.28–2.03) for mortality. The same meta-regres-
sion analysis did not reveal differences according to the
type of T assay (platform-based immunoassay vs gas chro-
matography/tandem mass spectrometry or RIA with ex-
traction) with respect to mortality (78).
Presentation of the data according to total, free, or bio-
available concentrations may also cause confusion in in-
terpretation of the data. First, there are issues as to the
accuracy and comparability of different assay techniques
and calculations used to estimate free and bioavailable T
fractions (99). Second, there are also potential conceptual
issues. For example, data presenting the relationship be-
tween total T and incident diabetes may differ from data
presenting the relationship between free T and incident
diabetes. Data with a statistically significant association
between freeTand incident type2diabetes suggest adirect
sex steroid effect (100), whereas data with total T might
reflect the relationship between SHBG and diabetes; low
SHBG is a strong predictor of diabetes (101). SHBG levels
correlate positively with insulin sensitivity (102), and a
decrease in SHBG is correlated to a decrease in insulin
sensitivity, which is a known feature preceding type 2 di-
abetes. A decrease in insulin sensitivity is also associated
with low-grade systemic inflammation, which precedes
CVD.
Aromatization
The rate of aromatization affects androgen concentra-
tions through strong negative feedback inhibition of go-
nadotropinandTsecretion exertedbyestradiol (103).The
rate of aromatization is higher in oldermen, partly related
to higher percentage fat mass (55).Whether differences in
circulating estradiol concentrations resulting from varia-
tion in aromatizationper se affectCVDneeds to be further
investigated.
Genetic polymorphisms
Genetic polymorphisms in SHBG (104, 105), a poly-
morphism in locus FAM9B on the X-chromosome (104),
and the CAG repeat polymorphism in the AR (106) have
beendescribed that impact on serumTconcentrations.On
the one hand, part of the genetically determined variation
in serum T concentrations may reflect differences in an-
drogen sensitivity and feedback set point (106). On the
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other hand, some of these polymorphisms, aswell as other
genetic variants, may in turn contribute to the between-
subject variation in T effects (107, 108). Thus, genetic
contribution to the variability of T levels and T effects
complicates the interpretation of observational studies.
Confounding
According to studies in legally castrated men and cas-
trated male singers, who appear to have unaltered cardio-
vascular risk profiles and preserved life expectancy, en-
dogenous T does not seem to have particular beneficial or
adverse effects on the cardiovascular system (109, 110).
Unfortunately, results ofmost observational studies of less
healthy males of the general population might be affected
by uncontrollable confounding. A variety of environmen-
tal influences may disturb clear insight into beneficial or
adverse androgen effects on the cardiovascular system.
Confounding may be considered a mixing of effects: the
estimate of the effect of the exposure of interest, T, is
distorted because it is mixed with the effect of an extra-
neous factor (111). Examples of relevant extraneous fac-
tors are smoking, medications, infectious diseases, alco-
hol, and physical activity. Examination of published
prospective studies shows a wide variation in the way ad-
justment for confoundingwas performed (19). In fact, this
item is probably one of the main obstacles to gaining un-
equivocal insight from observation studies, mainly be-
cause not all extraneous factors are confounders; some
factors are in fact involved in the pathogenesis of andro-
gen-related cardiovascular effects. For example, on the
one hand, deterioration of body composition is associated
with low T, and deterioration of body composition is re-
lated to the risk for metabolic syndrome, type 2 diabetes,
and CVD. On the other hand, low T levels might deteri-
orate body composition (112). The question thus is
whether a change in body composition precedes a change
in sex steroid concentrations, or is the converse the case?
Two prospective studies revealed a role of lowT for the
development of the metabolic syndrome and type 2 dia-
betes (100, 113), and one study displayed risk of the pres-
ence ofmetabolic syndrome for lowT (114). In the former
two prospective studies, the baseline bodymass indexwas
already deteriorated (100, 113), suggesting that a change
in body composition precedes a change in sex steroids.
One may also argue that the main portion of an increase
in body mass index will be caused by continuing energy
excess, and that the contribution of sex steroids will prob-
ably be limited. Further arguments for the sequence of
events areprovidedbynormalizationofTafterweight loss
by Roux-en-Y bypass surgery (115) and by the inverse
relationship between Leydig cell T secretion and insulin
resistance (116).Of course, a decrease inTand an increase
in estradiol due to weight gain may by itself accelerate
metabolic dysfunction (46) and may affect the cardiovas-
cular system (58, 117). The relevance of the degree of
aromatization is further illustrated by rare cases of men
with congenital aromatase deficiency. These male sub-
jects, who present with high serum T and low estradiol
display abdominal obesity, early-onset metabolic syn-
drome, dislipidemia, and nonalcoholic fatty liver disease,
with concomitant increased cardiovascular risk (118). Ex-
periments due to these findings suggested a protective role
for estradiol with respect to metabolic disease (119).
Summary
In males of the general population, a growing number of
prospective studies suggest a modest association between
low endogenous T and both incident CVD and cardiovas-
cular mortality. Low endogenous T might be related to
specific events such as thrombosis or arrhythmia, or, be-
cause residual confounding cannot be definitely excluded,
low T may reflect a status of poorer health. In general,
studies do not provide substantial evidence for a relation-
ship between low T and atherosclerosis. Results of pro-
spective studies on atherosclerosis (72–77) and prospec-
tive studies on incident myocardial infarction (79–81)
reveal no unequivocal relationship (19). Trials with ex-
ogenousT therapy report on the occurrence of thrombosis
and arrhythmia, but they are inadequately powered for
CVD events.
One may speculate that potential beneficial effects of
androgens may depend on an “optimal window” of T
concentration, depending on age, degree of aromatiza-
tion, and genetic background, whereas adverse effects
might be expected in concentrations below or above this
optimal window. The hypothesis is supported by adverse
effects inhigh-normal to supraphysiological androgen lev-
els, as sometimes used by athletes (51, 56, 69), as well as
by low androgen levels and its risk for osteoporosis (17),
and extremely low or absent aromatization and risk for
metabolicdiseases (118,119).Dose-response trials oncar-
diovascular outcomes such as arrhythmias, eg, along the
same lines as has been performed for the study of T effects
on body composition (120), may shed some light on this
issue. So far, treatment with T to restore T concentrations
to this optimal window have not been proven to be ben-
eficial with respect to CVD. Nevertheless, males with low
T and specific cardiovascular conditions, eg, heart failure
or coronary artery disease, may benefit from substitution
therapy. A cautious, restrained approach to T therapy in
aging men is advisable, pending clarification of benefits
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and risks byadequately powered clinical trials of sufficient
duration.
Acknowledgments
Address all correspondence and requests for reprints to: Jean-
Marc Kaufman, MD, PhD, Department of Endocrinology,
Ghent University Hospital, De Pintelann 185, B9000 Gent, Bel-
gium. E-mail: jean.kaufman@ugent.be.
Thisworkwas supported inpart bygrantG.0867.11 fromthe
Research Foundation - Flanders.
Disclosure Summary: The authors have no competing inter-
ests to declare.
References
1. Gluud C. Testosterone treatment of men with alcoholic cirrhosis:
a double-blind study. The Copenhagen Study Group for Liver Dis-
eases. Hepatology. 1986;6:807–813.
2. BrockenbroughAT,DittrichMO, Page ST, SmithT, Stivelman JC,
Bremner WJ. Transdermal androgen therapy to augment EPO in
the treatment of anemia of chronic renal disease.Am J Kidney Dis.
2006;47:251–262.
3. Hall GM, Larbre JP, Spector TD, Perry LA, Da Silva JA. A ran-
domized trial of testosterone therapy in males with rheumatoid
arthritis. Br J Rheumatol. 1996;35:568–573.
4. Kenny AM, Fabregas G, Song C, Biskup B, Bellantonio S. Effects
of testosterone on behavior, depression, and cognitive function in
older men with mild cognitive loss. J Gerontol A Biol Sci Med Sci.
2004;59:75–78.
5. Chapman IM, Visvanathan R, Hammond AJ, et al. Effect of tes-
tosterone and a nutritional supplement, alone and in combination,
on hospital admissions in undernourished older men and women.
Am J Clin Nutr. 2009;89:880–889.
6. Basaria S, Coviello AD, Travison TG, et al. Adverse events asso-
ciated with testosterone administration.N Engl J Med. 2010;363:
109–122.
7. Srinivas-Shankar U, Roberts SA, Connolly MJ, et al. Effects of
testosterone on muscle strength, physical function, body compo-
sition, and quality of life in intermediate-frail and frail elderlymen:
a randomized, double-blind, placebo-controlled study. J Clin En-
docrinol Metab. 2010;95:639–650.
8. English KM, Steeds RP, Jones TH, Diver MJ, Channer KS. Low-
dose transdermal testosterone therapy improves angina threshold
in men with chronic stable angina: a randomized, double-blind,
placebo-controlled study. Circulation. 2000;102:1906–1911.
9. Caminiti G, Volterrani M, Iellamo F, et al. Effect of long-acting
testosterone treatment on functional exercise capacity, skeletal
muscle performance, insulin resistance, and baroreflex sensitivity
in elderly patients with chronic heart failure: a double-blind, pla-
cebo-controlled, randomized study. J Am Coll Cardiol. 2009;54:
919–927.
10. Jones TH, Arver S, Behre HM, et al; TIMES2 Investigators. Tes-
tosterone replacement in hypogonadal men with type 2 diabetes
and/or metabolic syndrome (the TIMES2 study). Diabetes Care.
2011;34:828–837.
11. Kalinchenko SY, Tishova YA, Mskhalaya GJ, Gooren LJ, Giltay
EJ, Saad F. Effects of testosterone supplementation on markers of
the metabolic syndrome and inflammation in hypogonadal men
with the metabolic syndrome: the double-blinded placebo-con-
trolledMoscow study. Clin Endocrinol (Oxf). 2010;73:602–612.
12. Kaufman JM,MillerMG, Garwin JL, Fitzpatrick S,McWhirter C,
Brennan JJ. Efficacy and safety study of 1.62% testosterone gel for
the treatment of hypogonadal men. J Sex Med. 2011;8:2079–
2089.
13. Ho CC, Tong SF, Low WY, et al. A randomized, double-blind,
placebo-controlled trial on the effect of long-acting testosterone
treatment as assessed by the AgingMale Symptoms scale. BJU Int.
2012;110:260–265.
14. Legros JJ, Meuleman EJ, Elbers JM, Geurts TB, KaspersMJ, Bou-
loux PM; Study 43203 Investigators. Oral testosterone replace-
ment in symptomatic late-onset hypogonadism: effects on rating
scales and general safety in a randomized, placebo-controlled
study. Eur J Endocrinol. 2009;160:821–831.
15. Emmelot-VonkMH, Verhaar HJ, Nakhai PourHR, et al. Effect of
testosterone supplementation on functional mobility, cognition,
and other parameters in older men: a randomized controlled trial.
JAMA. 2008;299:39–52.
16. Snyder PJ, Peachey H, Berlin JA, et al. Effect of transdermal tes-
tosterone treatment on serum lipid and apolipoprotein levels in
men more than 65 years of age. Am J Med. 2001;111:255–260.
17. Kaufman JM, Vermeulen A. The decline of androgen levels in el-
derly men and its clinical and therapeutic implications. Endocr
Rev. 2005;26:833–876.
18. Hammes A, Andreassen TK, Spoelgen R, et al.Role of endocytosis
in cellular uptake of sex steroids. Cell. 2005;122:751–762.
19. Ruige JB, Mahmoud AM, De Bacquer D, Kaufman JM. Endoge-
nous testosterone and cardiovascular disease in healthy men: a
meta-analysis. Heart. 2011;97:870–875.
20. Saad F, Aversa A, Isidori AM, Zafalon L, ZitzmannM, Gooren L.
Onset of effects of testosterone treatment and time span until max-
imum effects are achieved. Eur J Endocrinol. 2011;165:675–685.
21. Lee DK, Chang C. Endocrine mechanisms of disease: expression
and degradation of androgen receptor: mechanism and clinical im-
plication. J Clin Endocrinol Metab. 2003;88:4043–4054.
22. Heinlein CA, Chang C. Androgen receptor (AR) coregulators: an
overview. Endocr Rev. 2002;23:175–200.
23. ZitzmannM, Nieschlag E. The CAG repeat polymorphism within
the androgen receptor gene and maleness. Int J Androl. 2003;26:
76–83.
24. ZitzmannM, BruneM, Kornmann B, et al. The CAG repeat poly-
morphism in the AR gene affects high density lipoprotein choles-
terol and arterial vasoreactivity. J Clin Endocrinol Metab. 2001;
86:4867–4873.
25. Heinlein CA, Chang C. The roles of androgen receptors and an-
drogen-bindingproteins innongenomic androgenactions.MolEn-
docrinol. 2002;16:2181–2187.
26. LiuPY,DeathAK,HandelsmanDJ.Androgens and cardiovascular
disease. Endocr Rev. 2003;24:313–340.
27. Wu FC, von Eckardstein A. Androgens and coronary artery dis-
ease. Endocr Rev. 2003;24:183–217.
28. Torkler S, Wallaschofski H, Baumeister SE, et al. Inverse associ-
ation between total testosterone concentrations, incident hyper-
tension and blood pressure. Aging Male. 2010;14:176–182.
29. SimonD,CharlesMA,LahlouN, et al.Androgen therapy improves
insulin sensitivity and decreases leptin level in healthy adult men
with low plasma total testosterone: a 3-month randomized place-
bo-controlled trial. Diabetes Care. 2001;24:2149–2151.
30. Chignalia AZ, Schuldt EZ, Camargo LL, et al. Testosterone in-
duces vascular smooth muscle cell migration by NADPH oxidase
and c-Src-dependent pathways. Hypertension. 2012;59:1263–
1271.
31. Barton M, Prossnitz ER, Meyer MR. Testosterone and secondary
hypertension: new pieces to the puzzle. Hypertension. 2012;59:
1101–1103.
32. DavisDD,Ruis AL,Yanes LL, et al.Testosterone supplementation
in male obese Zucker rats reduces body weight and improves in-
sulin sensitivity but increases blood pressure.Hypertension. 2012;
59:726–731.
doi: 10.1210/jc.2013-1970 jcem.endojournals.org 4307
The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 31 December 2013. at 06:19 For personal use only. No other uses without permission. . All rights reserved.
33. Sieveking DP, Lim P, Chow RW, et al. A sex-specific role for an-
drogens in angiogenesis. J Exp Med. 2010;207:345–352.
34. Mayr M, Niederseer D, Niebauer J. From bench to bedside: what
physicians need to know about endothelial progenitor cells. Am J
Med. 2011;124:489–497.
35. Foresta C, CarettaN, LanaA, et al.Reduced number of circulating
endothelial progenitor cells in hypogonadalmen. JClinEndocrinol
Metab. 2006;91:4599–4602.
36. Foresta C, Zuccarello D, De Toni L, Garolla A, Caretta N, Ferlin
A. Androgens stimulate endothelial progenitor cells through an
androgen receptor-mediated pathway. Clin Endocrinol (Oxf).
2008;68:284–289.
37. Cai J, Hong Y, Weng C, Tan C, Imperato-McGinley J, Zhu YS.
Androgen stimulates endothelial cell proliferation via an androgen
receptor/VEGF/cyclinA-mediatedmechanism.AmJPhysiolHeart
Circ Physiol. 2011;300:H1210–H1221.
38. Fadini GP, Albiero M, Cignarella A, et al. Effects of androgens on
endothelial progenitor cells in vitro and in vivo. Clin Sci (Lond).
2009;117:355–364.
39. Suwaidi JA, Hamasaki S, Higano ST, Nishimura RA, Holmes DR
Jr, Lerman A. Long-term follow-up of patients with mild coronary
artery disease and endothelial dysfunction.Circulation. 2000;101:
948–954.
40. Zitzmann M, Brune M, Nieschlag E. Vascular reactivity in hy-
pogonadal men is reduced by androgen substitution. J Clin Endo-
crinol Metab. 2002;87:5030–5037.
41. Malkin CJ, Jones RD, Jones TH, Channer KS. Effect of testoster-
one on ex vivo vascular reactivity in man. Clin Sci (Lond). 2006;
111:265–274.
42. Kang SM, Jang Y, Kim Ji, et al. Effect of oral administration of
testosterone on brachial arterial vasoreactivity in men with coro-
nary artery disease. Am J Cardiol. 2002;89:862–864.
43. Webb CM, McNeill JG, Hayward CS, de Ziegler D, Collins P.
Effects of testosterone on coronary vasomotor regulation in men
with coronary artery disease. Circulation. 1999;100:1690–1696.
44. Webb CM, Elkington AG, Kraidly MM, Keenan N, Pennell DJ,
Collins P. Effects of oral testosterone treatment on myocardial
perfusion and vascular function in men with low plasma testoster-
oneandcoronaryheart disease.AmJCardiol. 2008;101:618–624.
45. Ruige JB. Does low testosterone affect adaptive properties of
adipose tissue in obese men? Arch Physiol Biochem. 2011;117:
18–22.
46. Ruige JB, BekaertM, LapauwB, et al. Sex steroid-induced changes
in circulatingmonocyte chemoattractant protein-1 levels may con-
tribute to metabolic dysfunction in obese men. J Clin Endocrinol
Metab. 2012;97:E1187–E1191.
47. Haffner SM, Valdez RA. Endogenous sex hormones: impact on
lipids, lipoproteins, and insulin. Am J Med. 1995;98:40S–47S.
48. Wang X, Magkos F, Mittendorfer B. Sex differences in lipid and
lipoprotein metabolism: it’s not just about sex hormones. J Clin
Endocrinol Metab. 2011;96:885–893.
49. Fernández-Balsells MM, Murad MH, Lane M, et al. Clinical re-
view 1: adverse effects of testosterone therapy in adult men: a sys-
tematic review andmeta-analysis. J Clin Endocrinol Metab. 2010;
95:2560–2575.
50. Høst C, Gormsen LC, Christensen B, et al. Independent effects of
testosterone on lipid oxidation and VLDL-TG production: a ran-
domized, double-blind, placebo-controlled, crossover study. Dia-
betes. 2013;62:1409–1416.
51. Ferenchick G, Schwartz D, Ball M, Schwartz K. Androgenic-ana-
bolic steroid abuse and platelet aggregation: a pilot study inweight
lifters. Am J Med Sci. 1992;303:78–82.
52. Ajayi AA,Mathur R, Halushka PV. Testosterone increases human
platelet thromboxane A2 receptor density and aggregation re-
sponses. Circulation. 1995;91:2742–2747.
53. Yeap BB, Hyde Z, Almeida OP, et al. Lower testosterone levels
predict incident stroke and transient ischemic attack in older men.
J Clin Endocrinol Metab. 2009;94:2353–2359.
54. Abbott RD, Launer LJ, Rodriguez BL, et al. Serum estradiol and
risk of stroke in elderly men. Neurology. 2007;68:563–568.
55. Lakshman KM, Kaplan B, Travison TG, et al. The effects of in-
jected testosterone dose and age on the conversion of testosterone
to estradiol anddihydrotestosterone in young andoldermen. JClin
Endocrinol Metab. 2010;95:3955–3964.
56. Glueck CJ, Goldenberg N, Budhani S, et al. Thrombotic events
after starting exogenous testosterone in men with previously un-
diagnosed familial thrombophilia.TranslRes. 2011;158:225–234.
57. Nordstrom SM, Weiss EJ. Sex differences in thrombosis. Expert
Rev Hematol. 2008;1:3–8.
58. Ruige JB, Rietzschel ER, De Buyzere ML, et al; Asklepios Investi-
gators. Modest opposite associations of endogenous testosterone
and oestradiol with left ventricular remodelling and function in
healthy middle-aged men. Int J Androl. 2011;34:e587–e593.
59. CavasinMA, Sankey SS, Yu AL,Menon S, Yang XP. Estrogen and
testosterone have opposing effects on chronic cardiac remodeling
and function in mice with myocardial infarction. Am J Physiol
Heart Circ Physiol. 2003;284:H1560–H1569.
60. Nahrendorf M, Frantz S, Hu K, et al. Effect of testosterone on
post-myocardial infarction remodeling and function. Cardiovasc
Res. 2003;57:370–378.
61. Loyer X, Oliviero P, Damy T, et al. Effects of sex differences on
constitutive nitric oxide synthase expression and activity in re-
sponse to pressure overload in rats. Am J Physiol Heart Circ
Physiol. 2007;293:H2650–H2658.
62. Wang M, Wang Y, Abarbanell A, et al. Both endogenous and ex-
ogenous testosterone decrease myocardial STAT3 activation and
SOCS3 expression after acute ischemia and reperfusion. Surgery.
2009;146:138–144.
63. Wang C, Chan V, Tse TF, Yeung RT. Effect of acute myocardial
infarction on pituitary-testicular function. Clin Endocrinol (Oxf).
1978;9:249–253.
64. Lam CS, Cheng S, Choong K, et al. Influence of sex and hormone
status on circulating natriuretic peptides. J AmColl Cardiol. 2011;
58:618–626.
65. Khan AM, Cheng S, MagnussonM, et al. Cardiac natriuretic pep-
tides, obesity, and insulin resistance: evidence from two commu-
nity-based studies. J Clin EndocrinolMetab. 2011;96:3242–3249.
66. Gollob MH, Redpath CJ, Roberts JD. The short QT syndrome:
proposed diagnostic criteria. J Am Coll Cardiol. 2011;57:802–
812.
67. James AF, Choisy SC,Hancox JC.Recent advances in understand-
ing sex differences in cardiac repolarization. Prog Biophys Mol
Biol. 2007;94:265–319.
68. Zhang Y, Ouyang P, Post WS, et al. Sex-steroid hormones and
electrocardiographicQT-interval duration: findings from the third
NationalHealth andNutritionExamination Survey and theMulti-
Ethnic Study of Atherosclerosis. Am J Epidemiol. 2011;174:403–
411.
69. Schwartz JB, Volterrani M, Caminiti G, et al. Effects of testoster-
oneon theQ-T interval in oldermenandolderwomenwith chronic
heart failure. Int J Androl. 2011;34:e415–e421.
70. Bigi MA, Aslani A, Aslani A. Short QT interval: a novel predictor
of androgen abuse in strength trained athletes. Ann Noninvasive
Electrocardiol. 2009;14:35–39.
71. Van Noord C, Rodenburg EM, Stricker BH. Invited commentary:
sex-steroid hormones and QT-interval duration. Am J Epidemiol.
2011;174:412–415.
72. Price JF, Lee AJ, Fowkes FG. Steroid sex hormones and peripheral
arterial disease in the Edinburgh Artery Study. Steroids. 1997;62:
789–794.
73. HakAE,Witteman JC, de Jong FH, GeerlingsMI, HofmanA, Pols
HA. Low levels of endogenous androgens increase the risk of ath-
erosclerosis in elderlymen: theRotterdam study. J Clin Endocrinol
Metab. 2002;87:3632–3639.
74. MullerM, vandenBeldAW,BotsML,GrobbeeDE,Lamberts SW,
van der SchouwYT.Endogenous sex hormones and progression of
4308 Ruige et al Cardiovascular Effects of Testosterone in Men J Clin Endocrinol Metab, November 2013, 98(11):4300–4310
The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 31 December 2013. at 06:19 For personal use only. No other uses without permission. . All rights reserved.
carotid atherosclerosis in elderly men. Circulation. 2004;109:
2074–2079.
75. Eller NH, Netterstrøm B, Allerup P. Progression in intima media
thickness—the significance of hormonal biomarkers of chronic
stress. Psychoneuroendocrinology. 2005;30:715–723.
76. Hougaku H, Fleg JL, Najjar SS, et al. Relationship between an-
drogenic hormones and arterial stiffness, based on longitudinal
hormone measurements. Am J Physiol Endocrinol Metab. 2006;
290:E234–E242.
77. Tivesten A, Hulthe J, Wallenfeldt K, Wikstrand J, Ohlsson C,
Fagerberg B. Circulating estradiol is an independent predictor of
progression of carotid artery intima-media thickness in middle-
aged men. J Clin Endocrinol Metab. 2006;91:4433–4437.
78. Araujo AB, Dixon JM, Suarez EA, Murad MH, Guey LT, Wittert
GA. Clinical review: Endogenous testosterone and mortality in
men: a systematic review and meta-analysis. J Clin Endocrinol
Metab. 2011;96:3007–3019.
79. Cauley JA, Gutai JP, Kuller LH, Dai WS. Usefulness of sex steroid
hormone levels in predicting coronary artery disease in men. Am J
Cardiol. 1987;60:771–777.
80. PhillipsGB,YanoK, StemmermannGN.Serumsexhormone levels
andmyocardial infarction in theHonoluluHeart Program. Pitfalls
in prospective studies on sex hormones. J Clin Epidemiol. 1988;
41:1151–1156.
81. Vikan T, Schirmer H, Njølstad I, Svartberg J. Endogenous sex
hormones and the prospective associationwith cardiovascular dis-
ease and mortality in men: the Tromsø Study. Eur J Endocrinol.
2009;161:435–442.
82. Yarnell JW, Beswick AD, Sweetnam PM, Riad-Fahmy D. Endog-
enous sex hormones and ischemic heart disease in men. The Caer-
philly prospective study. Arterioscler Thromb. 1993;13:517–520.
83. Araujo AB, Kupelian V, Page ST, Handelsman DJ, Bremner WJ,
McKinlay JB. Sex steroids and all-cause and cause-specific mor-
tality in men. Arch Intern Med. 2007;167:1252–1260.
84. Hautanen A, Mänttäri M, Manninen V, et al. Adrenal androgens
and testosterone as coronary risk factors in the Helsinki Heart
Study. Atherosclerosis. 1994;105:191–200.
85. Arnlöv J, PencinaMJ,Amin S, et al.Endogenous sex hormones and
cardiovascular disease incidence in men. Ann Intern Med. 2006;
145:176–184.
86. Khaw KT, Dowsett M, Folkerd E, et al. Endogenous testosterone
and mortality due to all causes, cardiovascular disease, and cancer
in men: European prospective investigation into cancer in Norfolk
(EPIC-Norfolk) Prospective Population Study. Circulation. 2007;
116:2694–2701.
87. Akishita M, Hashimoto M, Ohike Y, et al. Low testosterone level
as a predictor of cardiovascular events in Japanese men with cor-
onary risk factors. Atherosclerosis. 2010;210:232–236.
88. Ohlsson C, Barrett-Connor E, Bhasin S, et al. High serum testos-
terone is associated with reduced risk of cardiovascular events in
elderly men. The MrOS (Osteoporotic Fractures in Men) study in
Sweden. J Am Coll Cardiol. 2011;58:1674–1681.
89. Menke A, Guallar E, Rohrmann S, et al. Sex steroid hormone con-
centrations and risk of death in US men. Am J Epidemiol. 2010;
171:583–592.
90. HydeZ,NormanPE, Flicker L, et al.Low free testosterone predicts
mortality from cardiovascular disease but not other causes: the
Health inMenStudy. JClinEndocrinolMetab. 2012;97:179–189.
91. Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone ther-
apy and cardiovascular events amongmen: a systematic reviewand
meta-analysis of placebo-controlled randomized trials.BMCMed.
2013;11:108.
92. Jick SS, Hagberg KW. The risk of adverse outcomes in association
with use of testosterone products: a cohort study using the UK-
based general practice research database. Br J Clin Pharmacol.
2013;75:260–270.
93. Jankowska EA, Biel B, Majda J, et al. Anabolic deficiency in men
with chronic heart failure: prevalence and detrimental impact on
survival. Circulation. 2006;114:1829–1837.
94. Wehr E, Pilz S, Boehm BO, März W, Grammer T, Obermayer-
Pietsch B. Low free testosterone is associated with heart failure
mortality in older men referred for coronary angiography. Eur
J Heart Fail. 2011;13:482–488.
95. Toma M, McAlister FA, Coglianese EE, et al. Testosterone sup-
plementation in heart failure: a meta-analysis. Circ Heart Fail.
2012;5:315–321.
96. Malkin CJ, Morris PD, Pugh PJ, English KM, Channer KS. Effect
of testosterone therapy onQTdispersion inmenwith heart failure.
Am J Cardiol. 2003;92:1241–1243.
97. Mathur A,Malkin C, Saeed B,Muthusamy R, Jones TH, Channer
K. Long-term benefits of testosterone replacement therapy on an-
gina threshold and atheroma in men. Eur J Endocrinol. 2009;161:
443–449.
98. Ezaki K, Nakagawa M, Taniguchi Y, et al. Gender differences in
the ST segment: effect of androgen-deprivation therapy and pos-
sible role of testosterone. Circ J. 2010;74:2448–2454.
99. Rosner W, Auchus RJ, Azziz R, Sluss PM, Raff H. Position state-
ment: utility, limitations, and pitfalls inmeasuring testosterone: an
Endocrine Society position statement. J Clin Endocrinol Metab.
2007;92:405–413.
100. Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay JB.
Testosterone, sex hormone-binding globulin, and the development
of type 2 diabetes inmiddle-agedmen: prospective results from the
Massachusetts Male Aging Study. Diabetes Care. 2000;23:490–
494.
101. Ding EL, Song Y,Manson JE, et al. Sex hormone-binding globulin
and risk of type 2 diabetes in women and men. N Engl J Med.
2009;361:1152–1163.
102. PeterA,KantartzisK,Machann J, et al.Relationshipsof circulating
sex hormone-binding globulin with metabolic traits in humans.
Diabetes. 2010;59:3167–3173.
103. Raven G, de Jong FH, Kaufman JM, de RondeW. In men, periph-
eral estradiol levels directly reflect the action of oestrogens at the
hypothalamo-pituitary level to inhibit gonadotropin secretion.
J Clin Endocrinol Metab. 2006;91:3324–3328.
104. Ohlsson C, Wallaschofski H, Lunetta KL, et al. Genetic determi-
nants of serum testosterone concentrations in men. PLoS Genet.
2011;7:e1002313.
105. Vanbillemont G, Bogaert V, De Bacquer D, et al. Polymorphisms
of the SHBG gene contribute to the interindividual variation of sex
steroid hormone blood levels in young, middle-aged and elderly
men. Clin Endocrinol (Oxf). 2009;70:303–310.
106. Crabbe P, Bogaert V, De Bacquer D, Goemaere S, Zmierczak H,
Kaufman JM. Part of the interindividual variation in serum tes-
tosterone levels in healthy men reflects differences in androgen
sensitivity and feedback set point: contribution of the androgen
receptor polyglutamine tract polymorphism. J Clin Endocrinol
Metab. 2007;92:3604–3610.
107. Lapauw B, Goemaere S, Crabbe P, Kaufman JM, Ruige JB. Is the
effect of testosterone on body composition modulated by the an-
drogen receptor gene CAG repeat polymorphism in elderly men?
Eur J Endocrinol. 2007;156:395–401.
108. Zitzmann M, Nieschlag E. Androgen receptor gene CAG repeat
length and body mass index modulate the safety of long-term in-
tramuscular testosterone undecanoate therapy in hypogonadal
men. J Clin Endocrinol Metab. 2007;92:3844–3853.
109. Eyben FE, Graugaard C, Vaeth M. All-cause mortality and mor-
tality of myocardial infarction for 989 legally castrated men. Eur
J Epidemiol. 2005;20:863–869.
110. Nieschlag E, Nieschlag S, Behre HM. Lifespan and testosterone.
Nature. 1993;366(6452):215.
111. Rothman KJ. Modern Epidemiology. Boston, MA: Little, Brown
and Company; 1986.
112. Tsai EC, Boyko EJ, Leonetti DL, Fujimoto WY. Low serum tes-
doi: 10.1210/jc.2013-1970 jcem.endojournals.org 4309
The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 31 December 2013. at 06:19 For personal use only. No other uses without permission. . All rights reserved.
tosterone level as a predictor of increased visceral fat in Japanese-
Americanmen. Int JObesRelatMetabDisord.2000;24:485–491.
113. Haring R, Völzke H, Felix SB, et al. Prediction of metabolic syn-
drome by low serum testosterone levels in men: results from the
study of health in Pomerania. Diabetes. 2009;58:2027–2031.
114. Laaksonen DE, Niskanen L, Punnonen K, et al. The metabolic
syndrome and smoking in relation to hypogonadism in middle-
aged men: a prospective cohort study. J Clin Endocrinol Metab.
2005;90:712–719.
115. Woodard G, Ahmed S, Podelski V, Hernandez-Boussard T, Presti
J Jr, Morton JM. Effect of Roux-en-Y gastric bypass on testoster-
one and prostate-specific antigen. Br J Surg. 2012;99:693–698.
116. Pitteloud N, Hardin M, Dwyer AA, et al. Increasing insulin resis-
tance is associated with a decrease in Leydig cell testosterone se-
cretion in men. J Clin Endocrinol Metab. 2005;90:2636–2641.
117. Vandenplas G, De Bacquer D, Calders P, et al. Endogenous oes-
tradiol and cardiovascular disease in healthy men: a systematic
review and meta-analysis of prospective studies. Heart. 2012;98:
1478–1482.
118. Rochira V, Carani C. Aromatase deficiency in men: a clinical per-
spective. Nat Rev Endocrinol. 2009;5:559–568.
119. Mauvais-Jarvis F. Estrogen sulfotransferase: intracrinology meets
metabolic diseases. Diabetes. 2012;61:1353–1354.
120. Woodhouse LJ, Gupta N, BhasinM, et al.Dose-dependent effects
of testosterone on regional adipose tissue distribution in healthy
young men. J Clin Endocrinol Metab. 2004;89:718–726.
Members have FREE online access to current endocrine  
Clinical Practice Guidelines.   
www.endocrine.org/guidelines
4310 Ruige et al Cardiovascular Effects of Testosterone in Men J Clin Endocrinol Metab, November 2013, 98(11):4300–4310
The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 31 December 2013. at 06:19 For personal use only. No other uses without permission. . All rights reserved.
